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Calculating  Thermodynamic  I^opertiea  of  Heal  Gases  at  High  TBinperaturee 

A.  G,  Tabachnikoy 


Described  is  a  method  of  eoctrapolatlng  by  temperatures  of  ririal  coefficients*  lha 
method  vas  used  fat  formulating  an  equation  of  the  state  of  nitrogen  in  the  range  of 
tempeoatures  of  from  C>»3G00^C» 

Contemporary  deYelofnoent  of  a  number  of  branches  of  science  and  technology  needs 
data  on  the  thermodynandc  beharior  of  substances*  pax^icularly  gases*  in  the  zone  of 
high  temperatures* 

The  presently  aTailable  experiaecxtal  data  on  thermodynamic  proi>ertie8  of  gases 
are  in  a  majoarity  of  instances  limited  to  temperatures  of  150«200^C«  In  recant  years 
efforts  are  being  made  to  experimeitt  at  much  higher  temperatures  |l*  2^*  But  unfortu¬ 
nately*  eTen  these  single  ezperimaits  do  not  go  beyond  temperatures  of  orer  lOOO^C* 
Berfectly  natural  are  therefore  efforts  to  determine  thermodynamic  properties 
at  high  temperatures*  on  the  basis  of  experimental  in  the  zona  of  moderate  tempera- 

tura*^,4*5j  • 


Such  calcizlatlona  axe  moetljr 

•  PV^:RT 

] 

I  L 


made  with  the  aid  of  the  Tirial  equation  of  state 


for  the  calculation  of  coefficients  of  which  there  are  definite  theoretical  hypotheses* 
The  feet  is*  statistical  irtiyslos  offers  the  principal  poaslhllity  of  calculating 
all  so-called  Tirial  coeffioloirts  of  equation  (l)  if  the  energy  of  patre4  reaction 
of  molecules  (,(r)  is  hnowit*  At  present  time  for  a  number  of  proposed  interaction  po¬ 
tentials  4  (r)  were  made  preliminary  calculations*  necessary  to  determine  the  second 
B(T)  and  third  C(T)  of  Tirial  coefficients  |6^  * 

But  it  shcxild  be  pointed  out  that  of  all  Tirial  coefficients  sufficiently  rellaV- 
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le  can  be  calculated  only  the  second  (B(l)  vhich  is  relatiTely  less  seneltl've  to  the 
farm  of  Interaction  fuiieticflu 


In  the  ease  of  much  higher  Tirial  coefficients  the  fropoaed  interaction  po* 

tentials  giTe  less  aatisfaotoory  results# 

In  connection  vith  this  it  was  decided  to  deterznine  the  Tirial  coefficients  of  aqua* 
tion  (!)•  on  the  basis  of  theoretically  calculated  second  ririal  coefficient  B(T)  and 
rules#  emanating  from  the  aquation  of  state*  introduced  by  Ya # 2#lCazaTc hinskiy [jJ • 


where  • 
0 


PV  ==  ttp  r  -h  -i-  -f  ...» 


(‘2) 


®  ^  yi  ■  ^yi  JHyi  V* 

/-I  /•>!  iMi 


^  monotonously  decreasing  function  of  temperature*  the  form  of  which  will  be  discus¬ 
sed  belowi  n  depends  upon  the  described  range  of  densities# 

Hie  selection  of  equation  (2)  to  solTe  the  giren  xroblas  does  not  appear  to  be 
accidental#  Hie  fact  is  *that  fully  a^preelng  with  the  Dogolyubor^Mayer  general 
equation  of  state*  it  will  by  its  form  Tary  aceurataly  reflect  all  bebaTioral  charae- 
taristica  of  real  gaaaa.  Hie  atructura  of  aqjuation  (2)  la  8ueh*tbat  it  ia  possible 
to  use  "ATM  for  describing  practically  any  one  parameter  change  zone#  It  ahculd  be 
pointed  out*  that  in  form  (2)  were  formulated  equ^ionaof  state  for  a  greater  nuaaber 
of  gases  Tarying  in  their  qualities •  18^  *  the  jparamstars  of  which  Taried  in  denai* 
ties  from  zero  to  two  and  more  critical*  and  in  temperatures  —  from  saturation  curra 
to  temperatures*  considerably  exceeding  the  Boyle  temperature# 

Hie  glTen  considerations  allow  to  assuma*that  not  only  equation  (2)  in  Itself*  but 
also  the  relations  obtained  from  it  appear  to  be  Talid  in  the  entire  zone  of  parameter 
change*  including  also  at  hi^  tempera  tares# 

HaTing  transformed  equation  C2)  into  form  (l)  we  will  obtain  for  Tirial  eoeffl** 


dents  the  following  expressionst 


C{T)  + 

RT  RT  RT 


RT  * 


c^/ 


rTD.TT-63-35/1^2 


t  e-rrift^  r3.i 

Ab  Is  BTident  frcm  the  msa-tioDsd  axtresBioiiB  .if  in  the  inTestlgateJ  reo^  of/ 
is  kncMXL  the  function  vt«  then  the  determination  of  all  virial  coefficienta  is  reduced 
to  finding  hy  experimental  data  the  constants  in  expressions  (3)9(4)# 

•  ••The  equation  of  state  eaipiled  in  such  a  - - -  esy  vill  be  Talid^  apparently# 

in  this  range  of  tenq>eratures9in  vhich  the  temperature  function  vas  determined#  In  turn 
the  tes$>eratur6  function  a  sufficiently  broad  range  of  texqperatures  can  be  prin¬ 
cipally  separated  from  the  theoretically  calculated  second  Tirial  coefficients 

This  defines  the  method  of  formulating  the  equation  of  state  suitable  for  cal' 
culating  at  high  temperatures#  which  consists  in  the  follovingt 

!•  On  all  experimental  isothermal  curres  are  separated  Tirial  coefficients#  the 
number  of  which  depends  upon  the  described  range  of  densities#  Separation  of  Tirial 
coefficients  can  be  brought  about  by  the  known  method  of  plotting  and  extrapolating 
in  the  zero  density  of  isothanaa  in  coordinates 


’  ■  v)  V  '  {ftil) 


to  detarmina  tho  corresponding  second  B(l),  third  C(T)  and  so  on«  by  the  Tirial  ooaf- 
flcient* 

2«  By  the  experimental  Taluas  of  tba  second  Tirial  eoef ficeint  B(l)  are  determined  the 

parasmtera  of  the  accepted  Interaction  - potential  and  to  calciilate  the 

Taluaa  B(t)  in  the  inTaatlgated  range  of  tenperatorea,  Sslectioa  of  the  interaction 

potential  is  determined  in  each  ease  hy - the  propartlas  of  the  gases* 

3*  Fran  the  thaoratically  calculated  second  Tirial  coefficient  is  eaparated  ths 


temperature  function* 

4*  BaTing  to  our  disposal  the  temperature  fuzkction  ^  and  table  separated*  on  all 
experimental  Isothanna,  Tirial  ccoponants,  hy  the  methoa  of  least  squares  we  find 
the  conetancts  aj^*  h^»  0^*  d^****  in  eq^tiona  C3)a 
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It  BtilX  remaina  to  ba  axpluixiadt. 

U  ^thod  of  aeparatin^  teiqporatura  function  from  aocond  Tirial  coaffieiant# 
^acasaary  nuabar  of  analjala  maabara  in  ao-callad  euTTilinear  part  of  equation 
(2)  ^  f  Y  4^4^  •••)• 

In  raaponsa  to  the  first  question  va  vill  turn  to  tba  theoretical  aquatiGn  of 
the  second  Tirial  coefficient  ^9j 

8f7')=  lrr]'(l.ctp  f- v5) 

J  .  ®  kT 

It  ia  necessary  to  assuznat  that  thara  is  a  certain  minimum  parmisalbla  distanoa 


batvaem  molecule  because  at  r  ^  £  (r)  *  It  can  than  be  vrittaa. 

;  B{J)  -  |-trvr  3  +  Itr  All'll  (6)  j 


HaTlng  broken  doim  exp 


into  series  accordin^^  to  T  and  intagprating 


tamiact  ca  will  obtain 


It  ia  arident  from  the  obtained  aoeparasaion  that  to  determine  the  teaiparature 
function  ^  is  necessary  the  second  Tirial  coafficie  ntf  theoretically  calculated 
to  sufficiently  hi^  ten^eratores  (desirable  to  teatperaturaatcorrasponding  to  its  aa* 


xiptnn  ^  or  orer)*  analytically  represented  in  form  (7)#  then«  aa  ia  eTidant  froa  com* 

paring  (7)  and  (3)  the  temperature  function  vjwith  an  accuracy  to  eonatcuit  multiplicand 
Cl 

K“  will  be  aqjoal  to  .  . 

XT* 

To  otter  an  anewar  to  the  second  question  we  will  state^  that  by  its  physical  nature 


the  currllinaar  part  of  the  equation  (2)  takes  into  consideration  the  interaetion  of 
asaoeiated  ]z»oleculea|8^  and^  conaequentlyt  the  basic  role  ia  played  in  the  acne  of 
low  tezaperaturea^  particularly  near  the  saturation  ourvet  consequently  the  number  of 
nacesstfy  decomposition  znanoiers  depends  hare  upon  the  temperature  range  of  experimental 
data^  on  the  baaia  of  which  the  constants  of  equation  (2)  are  deterxBined# 

On  the  other  hand^in  connection  with  the  faotf  that  by  foorm  equation  (2)  at  T  ^  conat* 
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reprasents  an  iaochora  aquatioB«  it  is  possible  to  sTaluata  the  nature  of  its  etiTTi^ 
linear  part  .b^  the  iaochora  eoafiguratioa  faaturaa  of  real 
Analyaia  of  real  gas  iaoeboraa  ahoaa  t 

1)  Up  to  critical  danai^  (d^  d^)  iaochoraa  hare  a  curratura  of  one  sign  orer  the 
antira  range  of  taipparatura  cfaangisi 

2)  after  critical  danai^  the  a±ffx  of  iaochora  curfatura  cbrngea^  but  not  cVar  the 

antira  range  of  tezoparaturaa^  but  only  in  the  range  of  from  to  ^  1«5  * 

1*7*  At  temparaturaa  greater  than  1«7  the  eurratura  sign  remaina  as  befcre  •In  other 
vord8»  at  d  ^  d|^  the  iaochoraa  appear  to  be  linea  of  double  curvature  i 

3)  vhen  d  ^  2^  the  iaochoraa  again  have  a  curvature  of  one  sign^  the  very  same 
aigi  aa  at  d^d^ 

It  is  evident  froa  this  ans^yais  ^that  in  order  to  describe  vith  equation  (2)  the  tem¬ 
perature  ranga^  beginning  with  a  saturation  temperature  •  it  is  nscessary  to  have  a 
wri  n-^TTMim  of  two  iDBidwra  in  the  eurvilindar  part  vj^and  whereby^  apx)arently9 

at  d  ^  ^  f  s^<3nld  have  different  rniffiMm 

If  constant  aqjoatlona  of  state  are  datenzdnad  by  axparizDsntal  data  at  temperatu* 
rast  hi^r  than  !•?  where  all  isoeborea  have  a  curvature  of  one  signt  it  is  pos* 
slbla  to  confine  oneself  only  to  the  first  stage  of  temperature  function  y|^ 

In  the  pocoposed  method  in  tha  process  of  separating  virial  coefficients  ^ - *  and 

binding  sazns  with  second  virial  coefficient  B(t!)  is  attained  simltaneously  s  ^aphio 
and  siiqple  agraemant  of  axperiiaaital  data* 

Ve  will  discuss  below  the  conpilation  of  an  equation  of  state  for  nitrogen^ 


Xqoatlon  of  State  of  Nitrogen 

for 

In  the  range  of  tangperaturea  from  0  »  800^  f^ha  second  virial  coefficient 
of  nitrogen  data  arm  already  smi^hla^ 920-2^  •  At  temperatures  below  C^C  the 
values  of  the  sacoid  virial  coeffieient  were  detenuined  by  us  by  PVT-data  ^7  Holbom« 
Otto  and  GOaea  and  •  Aa  result  of  ^pbic  smoothing  were  obtained 
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maeui  Taluea  of  the  socox^  ririal  coofficieixt  in  the  temperature  ran^  of  125*800^0 
(tahla  !)• 

To  select  the  form  of  interaction  function  of  xooleculea  t  experimental  TalueS 

of  the  eecox^  Tirial  coeffic  jent  were  compered  with  theoretically  calculated  throng 
potentials  (6*12)  Lenard-Jobna  and  (exp»6)  Buckingham  and  by  the  Kllliar  equation  (table  2) 
,  For  the  case  of  the  Lennard- Johns  (6-12)  potential 

{c/rfj  o;  . 

calculation  of  the  second  Tirial  coefficient  is  done  by  formila 

.  6iT)^pflt)  flO> 

to  which  after  integration  is  brou^t  equation  (3)»  if  in  role  of  interaction  function 


is  accepted  expression  (9) • whereby 

(,  =  ^r.No\  a.'  t  -  ■  ("J 

*^3  e  ....  V 

Function  F(^)  for  ^4^0  tabulated  in  experiment ^4^« 

lUbla  !•  Experimental  values  of  second  virial  coefficient  of  nitrogen 
(  B.ia3,  Amaga  units,  Tq  =*  22404  cm3^aiol) 

I)  t^'c  Holborn.  ^  Michelle  ^Sorel  s)oiIMF  ij  Average  I" 

_ it  Otte _ ft  Asaoo>  _ 


•)  5J  ‘t)  SJ 


,^116 
—100 
—  75 

—8,  Ufa© 
—2,260 
—1,610 

— o.tou 
-2,260 
—1,610 

Uv 

nc 

-1,157 

-1 , 125 

r  • 

-0  ‘ 
25 

50 

75 

—0,467 

1 

—0,023 

—0,460 

-0.209 

—0,013 

• 

-0.743 

-0,755 

—0.460 

—0.213 

—0.020 

100 

150 

200 

300 

400 

500 

0,269 

0,514 

0,686 

0,909 

1,047 

0.293 
0.548  1 

0.5038  1 

!  0.6721 

0.9096 
1,0643 
1,1705 

0,M5 
0.290 
i  0.509 

0.672 
0,910 
1.064 
1,171 

600 

700 

600 

1,2486 

1,3061 

1,3478 

1,249 

1,306 

1,348 
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Ibblfl  2«  Ccmparison  of  Erperlmental  Valu«s  of  Second  Vlrial  Coeffioient  of 
Nitrogen  with  Calculated 
(  B«1o3,  Aaaffi  unite,  Tg  ■  22^04  ea^/nol) 

l7t®C  ^)Kxpariiiiental  ^  lannard-Johne  'H  Buckin^tun,  a.sl3,  ^Elkhar,  £  A  *  124*^ 

*94.75%  A  -  91.21*11  ro  *  3.43  H 

- - S^!»-2<846  _ ho  »  4.406 _ 


I 
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5  _ ± 


-3.266 

—3,131 

—3.221 

—2,260 

—2.222 

—2,291 

—1,610 

—1,580 

—1.628 

-1,125 

—  MOl 

—  1.135 

—0.755 

—0.726 

“-0.756 

—0,460 

—0,436 

—0.457 

—0.113 

-^0,188 

—0.216 

-0.020 

—0.022 

—0.015 

0.145 

0,192 

0,161 

0,290 

0.330 

0.292 

0.509 

0.533 

0.519 

0.672 

0,693 

0.684 

0.910 

0.928 

0,921 

.  1.064 

1,085 

1 .072 

1.171 

1,192 

1,176 

1,249 

1.267 

1,249 

1,306 

].312 

1,300 

1.348 

1,364 

1,339 

S 


—3.360 

^2.370 

—1.687 

—1.184 

-0.791 

-0.484 

—0.228 

—0,022 

0.141 

0.280 

0.500 

0.681 

0.925 

1.084 

1.194 

1,275 

1.334 

1.383 


the  values^  aisd  6 A  (table  2)  vere  deteormined  by  experiinental  raluea  of  the 
second  Tlrial  coefficient  by  the  Leimard-Johns  method 

Buckln^iam  j26j  introduced  an  interaction  poteixtlal^  in  which  theoretically  more 
founded  in  cemparison  with  (9)  ia  the  zneobert  considering  the  repulsion  energy*  One 
of  the  modifications  of  thia  potential  appears  to  be  tbs  so»called  (6zi>*6)  potential# 
.  ,  (r)  \(eia)  exp  la(l  ^r/rj]  -  (rjr)*),  r  >  (1<2> 

i'  1  —  6/« 

•  (0  =  **  rtP*» 

The  idea  of  constants  (jq,  and  Tma-r  is  Plain  frem  fig«l|  o(  detexmlnes  the 
.  curvature  of  the  repulsion  potential  and  is  connected  with  the  value  of  in 

(H) 


tarmolecular  distance  r^,  at  vhloh  9  (r)  <■-  0* 
S<luatioa  (5)  can  he  reduced  to  form 


where 


B(T)  =  T),  . 

6,=  — = 

*  3  "  «- 
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Fig^l^Graph,  illustrating  idea  of  conatarcts 

The  fuxiction  cj^  (‘^,'7'  )  for  seven  values  in  limits  4^0  is  tabulated 

in  repc<rt[27^  . 

ftirametera  b^  and  Ejj/k  vere  determined  by  the  above  described  Lenx^d-Johne 
method  with  the  only  exception  that  the  presence  of  th£  third  parent  ter  leads  to 
the  necessity  of  plotting  a  series  of  curves  Igj  'q;  ^  )  -  lgT;far  varioas 

Is.  1  • 

Tallies* 

By  analysing  table  2  it  can  be  concluded »  that^  first  of  all,  in  case  of  nitro*^ 
gen  the  consideration  of  the  nonapbarical  form,  of  its  molecule  does  not  produce  a  eon^ 
siderable  effect,  an  the  other  hand,  all  calculated  values  of  tba  second  virial  coeT* 
ficient  are  close  to  each  other,  s  certain  discrepancy  is  being  observed  only  at  hi^ 
temperatures* 

In  connection  with  the  fact,  that  with  a  rise  in  temperature  there  is  an  intea— 
sified  influence  of  the  repulsion  potential,  for  the  calculation  of  the 

second  virial  coefficient  at  high  teinpwsratures  was  accepted  the  Buckingham  potential* 
On  the  basis  of  formula  (7),  by  the  cisthod  of  the  least  squares  was  ccn5>ilod  equa* 
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tioa  of  the  second  virial  coeffleiont*  ralld  in  the  temperature  range  of  frcn  123* 
30C0®C  .  . 


.10’B=  1.2303  + 


8,152 

e  ’ 


104,5  ^  388,7 


e* 


e* 


808,8  865,1 

e*  ^  e» 


373,5 

0* 


vhare  B»in  imaga  unltsi  O^^lOO  \ 

When  eona>iliBg  eqaation  of  state  ve  used  axperijnental  date  aod  2^  An  the 
range  of  teoaperaturea  of  from  0  •  800^C« 

For  coxnrenlence  the  equation  of  state  vaa  oaqplled  not  in  virial  fora  (l)  but  in 
a  saoevbat  changed  foormi 

/V  =  /?r  -h  p  +  Cf 

Plotting  of  isothenna  in  dependence  upon<^V  showed^  that 

up  to  3^  ihaaga  units  within  limits  of  experixoantal  error  the  experiniaital  points 
are  plotted  on  straight  linaa»  This  indicateSt  that  in  the  range  of  dexisitiea  0  •  3^ 
^^r^&^ts  equation  Cl5)  ^  presented  in  farm  of 

fl,p  +  c,p* +  D,P«, 

vheraby  it  beccmea  apparent  that 


,  f^O 


(16) 


C,  —  lim  A,  D.<= 

'  P'-o"*  '  \dp*/r., 

Ihe  and  Talues  determinad  in  this  vagr  ware  refleotad  b/  an  analytical  met  W 
of  least  acxuares  in  form  of 

C,  =ax  +  6.e+ci^  D,  =fl,+^e+qt.  ■ 

where  ^  is  determined  fron  equation  of  the  second  wtrial  coefficient  in  conformity 
with  (7)  and  (8)« 

Fixmllor  fca^  densities  of  0  •  3(C  image  imits  and  temperatures  of  from  0*3000^C 

the  equation  of  state  has  the  form  of 

/v  =  j?e+fl,p  +  c,p*+D,p*.  . 

10*B,  =  2.986  +  0,4506  e+  *.  (17)  f 

•  10*C,=  10.164  +  0.19550  — 1,6701  (18) 

10**D,  =^0.6177  +  0,0740  0  +  0,Iil4t. 

88,27 


0 


J42.4  ^  296.2 


0* 


O* 


316,8  ^  136.8  . 


e« 


o* 


(19) 

(20) 
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A  chock  of  aquation  In  accnrdiiur^*  wltc  c- 1 m ''t’lt-ntitl  dat«i29»2J  ahowod  that  the  aooB 
arror  la  0»03^  and  the  rnaxlnun  dc>t!M  nut  (the  check  waa  made  oa  1Q3 

pointa). 

-  aneror  of  Interaction  o?  tuc  ,'iii  culs  i.^ltuat'-d  et  a  distaneo  r  frca  each 
othafi  koBoltzaann  conatant;  It-Avc-  u'dc)  .  ^  >  V'olua  of  potential  cujrra  ndninuai 

Intarmolaeular  distance,  at  vldch  i-  (r)  ^  0. 
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Laakaga  of  Gaa  into  a  Liquid  through  the  laTal  Nozzle 

•  ^ 

U,  G,  Moiseyev 

Leakage  of  a  gaa  stream  into  a  liquid  uaa.  investigated  before  •  But 

in  these  experiiaarts  was  inves tinted  the  discharge  of  a  subsonic  air  stream  into  va» 
ter»  ^e  resultSf  given  in  this  report^  ajjpeared  to  be  the  development  and  ezimnaion 
of  these  investigations  over  the  zone  of  much  higher  discharge  rav'es«  Ihe  experiments 
were  made  on  a  special  installation*  discharge  of  the  stream  was  realized  horizon 
tally  into  a  tank^  filled  with  water*  The  level  of  thb  water  eolxmsi  above  the  cut  of 
the  nozzle  ms  300  snu  To  assure  photographing  of  the  stream  the  tank  was  provided 
with  windows*  covered  with  ..  transparent  organic  glass* 

It  should  be  mentioned* that  the  floating  stream  passes  basically  only  thera*where 
the  preasure  is  already  low*  This  ia  confirmed  by  measurements  and  photos*  In  this 
way* the  effect  of  gravity  on  the  outflow  of  a  supersonic  gas  stream  in  horizontal 
plana  within  limits  of  the  investigated  section  is  practically  nill* 

To  measure  pressure  in  the  stream  was  used  as  specially  prepared  Pitot  tube  with 
electric  heating*  The  tube  moved  in  horizontal  plana  with  the  aid  of  a  coordinator* 
Heating  of  receiving  tube*wa8  found  necessary*  because  without  it  the  water  froza*and 
measurements  were  impossibls* 

In  the  process  of  etzperiznantal  investigation  was  measured  total  preasura  along 
the  axis  and  in  traxmvarse  direction*  The  investigation  was  made  at  varions  flow  vel* 
oeitiea  at  the  output  from  the  nozzle  and  various  unforseen  things  n*Under  unforsaen 
things  we  will  uMerstand  the  pressure  ratio .  in  the  output  section  of  the  nozzle 


to  the  pressure  in  the  surroUDding  maditcjw  Four  nozzles  with  different  M-nuniber  at 
output  were  usedt  ^  l»73s  2|^09}  2#585  3t^*  diairmtor  of  the  critical  section 

of  ell  nozzles  was  4  single  of  opening  -  10 
Measurementa  along  the  eod.a  of  tha  streson  we«» 
re  made  at  a  distance  of  up  to  20-»35  cali¬ 
bers  of  output  section  of  the 

nozzle t  within  limits  of  3'“4  caiibors^itie 
asuxements  were  made  within  1  xnm^then  vith/n 
2  mm^  and  ftirther  on  the  basic  section 
of  the  stream  within  larger  interrals* 

Across  stream  measurements  we  realized 

within  1  ttto^  Fig«l*  Change  in  pressure  p  (gage  atm) 

measured  by  Pitot  tube, a  long  the  axis  of  the 
Certain  experimental  results  are  given  stream  2,58) I  l-nFl*5j  2  -1*0 

in  graphs*  By  studying  the  curves  plot 

ted  in  fig*l  it  is  evident, that  in  a  gas  stream,  being  discharged  into  water, should 
be  distinguished  as  during  the  discharge  into  the  air,  two  sharply  differing  sections* 
This  firstjof  all,  is  the  initial  section  of  the  stream, in  which  sharp  pressure  fluctu¬ 
ations  are  observed,  measured  by  the  Pitot  tube#  The  length  of  this  section  is  suffi“ 
ciently  large  and  it  grows  with  the  increase  in  incalculability  (unforseea  things)* 

On  the  other  hand,  the  basic  section  ,on  which  a  smooth  pressure  drop  is  observed, 
measured  by  the  Pitot  tube* 

A  cemparison  of  measurement  results  shows  (fig*2)  that  also  the  nature  of  pres¬ 
sure  fluettjations  along  the  axis  of  the  stream,  and  their  value,  and  ieng^jh  of  the 
entlr-s  initial  section  of  air  suparsonlc  stream,  flowing  into  v;ater  and  into  aix.,  are 
in  quite  accurate  confnrrdty#  This  circuujistaiice  indicates, that  within  the  limits  of 
the  Initial  secticoi  of  the  air  flow  propagating  in  water,  is  retained  the  very  sazae 
certfiguration  of  shock  as  in  a  stream^beijag  discharged  into  the  air*  And  this 
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lodicateat  that  within  the  lindts  cf  the  ixdtial  section  there  is  no  intensive  mixing 
of  two  phases*  otherwise  the  affinity  (similarity)  with  the  stream*  spreading  in  air 

medium*  would  be  disrupted* 

Measuring  pressure  along  the  profile  of  the 

stream  shows*  that  along  the  axis  of  the 

stream  in  the  zone  of  high  pressures  no  sharp 

expansion  is  observed*  This  circumstance  also 

confirms  the  analogy  of  initial  sections  of 

supersonic  air  streams  *spreading  in  the 

air  in  water*  A  sharp  expansion  of  the 
Fig,2*Ccinparing  results  of  measuring  pres¬ 
sure  p  (gauge  atm)  along  aids  in  initial  stream  *  observed  on  photos*  and  also  the 
section  of  stream  in  water  and  in  air 

(diameter  of  critical  section  of  nozzle  wide  zona  of  Icwcr  total  pressures  along 
8  xza)| 

1-M  .St  1*96>  n  »  3;22  (in  air) I  2-2*09;  the  periphery  of  the  stream  indicate*  that  the 
3*0  Ifin  water);  3*2#49l  sir); 

4-2*58|  1.0  (in  water)  ai**  stream*  spreading  in  waterj,  has  a  broad 

boundary  layer, consisting  of  gas-liquid  mixture*  which  moves  at  slew  pace  in  cceaparison 
with  the  velocity  of  the  central  stream*  The  angle  of  stream  expansion  is  l8-25f  where¬ 
by  a  greater  angle  value  corresponds  to  greater  values  of  incaleulabillty* 

On  the  basis  of  above  findings  it  can  be  recoanendad  to  calcidLate  the  initial  see- 
tion,  with  the  exception  of  the  boundary  layer*  for  the  supersonis  air  stream*flowing 
into  water*  as  well  as  for  the  stream*flowing  into  an  air  medium* 

On  the  basic  section  of  the  stream  the  pressxare  measured  along  the  axis  decreases 
smoothly.  The  pressure  fields,  obtained  by  the  Pitot  tube,  were  processed  in  dimension 
lass  coordinates 


In  flg*3  is  given  the  field  of  pre8sures,measured  by  the  Htot  tube*  on  the 
basic  section  of  air  stream  in  water#  Hera  are  plotted  experimental  points, correapoa^^ 
ing  to  various  nozzles,  conditions  and  distances  from  the  cut  of  the  nozzle* 

-v;  c.  / 1 
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Results  of  experiments  are  In  quite  excellent  confarmity  with  the  solutlon^obtalned 

by  G,N, Abramovich |l3  for  the  problem  of  the  stream  in  a  liquid  accordine  to  which 

the  profile  of  the  kinetic  head  is  approximately  described  lof  dependence 

•  Ap 


Ap« 


=  (J- 


where  xl  =  y/b* 


Fig»3^ield  of  measured  pressurea  on  basic  section  of  streaa 


^*”out“3»  s/d=ll^l  2-3;  1|  13;  1;  >3j  H  l6.6|  4-3i  1|  19.5»  5-  3l  0,5* 

7.8;  6-  3;  0-5}  10.9t  7-  2.58;  0.5*  10,0*  8-  2.581  1*  11.8*  9-  2.58*  1*  17.0* 
10-1.73}  2;  9.2}  11-  1.73}  5}  18.8 

Such  a  result  for  the  basic  section  of  subsonic  air  stream  in  water  was  obtained 
by  B*F«Glilanan|2j  * 


It  is  necessary  to  mention  the  pulsating  nature  of  the  outflow •  Pulsations  are 
accompanied  by  shocks*  Hiring  pulsations  a  part  of  the  liquid  in  the  nozzle  is  repols^ 
in  direction*  opposite  of  the  direction  of  flow*  Hilsation  frequency  is  0*5  *  1  e* 

Designations 

p-pressure^meaaured  by  Pitot  tubei  S^istance  from  nozzle  out|  d-diameter  of 
output  section  of  nozzle  j  bkVar  excess  pressure  in  given  point  and  on  axis  of  streami 

y#y^  -  distance  frcm  given  point  and  point*  where  »  0*5  M^»to  axis  of  stream 


b»radiua  of  atraaa* 


liters  tur* 
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